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PURPOSE. This Circular has been prepared to provide guidance concerning

electrical installations on merchant vessels and mobile offshore drilling
units. It is intended to provide the marine industry with information on
regulatory intent and background, and on practices which have been found to

provide a level of safety equivalent to that provided for by the specific
regulations.

DISCUSSION. Enclosure (1) is a guide to the Coast Guard Electrical

Engineering Regulations, 46 CFR 110-113. It augments the CFR, giving
details on acceptable methods of complying with those regulations as well as
other important information related to electrical installations. It must be
emphasized that other alternatives may be equally acceptable based upon the
specific installation. Nothing contained in this guide shall be taken as
amending the applicable requirements set forth in the Code of Federal
Regulations, nor as limiting the authority of the Officer in Charge, Marine

Inspection in his determination of acceptable materials and installation
methods.

IMPLEMENTATION. Any party interested in electrical installations on

merchant vessels and mobile offshore drilling units should consider the
guidance in this Circular.

\.J.)D. SIPE
Chief, Office of Marine Safety
Security and Environmental Protection

(1) Guide for Electrical Installations on Merchant Vessels and Mobile
Offshore Drilling Units
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1. Introduction

1.1 Purpose. The Electrical Engineering Regulations, 46 CFR Subchapter J,
are, in many areas, complex and difficult to understand. The CFR is limited
to telling what must or must not be done. Regulatory intent, explanation,
policy, equivalency information, requirement derivation, inspection aids,
and examples are not provided. Sometimes, the preamble to a regulation can
provide useful information, but this is a one-time issue in the Federal
Register, and is usually lost over time. This NVIC provides information to
fill the void caused by the limitations of the regulations as they apply to
electrical equipment and systems on merchant vessels and mobile offshore
drilling units. It also promulgates information on equipment, systems,
materials and methods that have been determined by the Commandant (MTH) to
provide an equivalent level of safety. Further, it describes how electrical
reviews and inspections are typically performed, and provides useful
training information for novice designers, marine and electrical engineers,
naval architects, or inspectors.

It is not the purpose of this guide to repeat the regulations, but to
augment them. Nothing contained in this guide shall be taken as amending
the Code of Federal Regulations, nor as limiting the authority of the
Officer in Charge, Marine Inspection (OCMI) in the determination of
acceptable materials, systems, and installation methods. Some information
contained in the Marine Safety Manual (COMDTINST M1600 Series) is repeated
here for convenience.

Generally this NVIC follows the basic outline of the regulations,
starting with the applicability and reference document information, and
progressing to specific items of equipment. It emphasizes those areas of
the regulations where there is a history of repeated inquiries, where
misunderstandings or inconsistent interpretations are known to exist, or
where there have been equivalency determinations or policies made that need
wide dissemination.

Users of this NVIC are encouraged to provide feedback on its contents
and to propose additions or amendments to the material presented. Proposals
should include the reason for change, and should be forwarded to Commandant
(G-MTH-2), U.S. Coast Guard, Washington, DC 20593-0001.

1.2 Background. Since the first electrical installations on the passenger
ships "CITY OF BERLIN" and "MENDOZA" in 1879, a complex set of standards and
regulations has evolved to address the hazards presented and the benefits
provided by electrical equipment and systems. Domestically, early efforts
involved the early Bureau of Marine Inspection and Navigation (predecessor
to the Coast Guard’'s Marine Inspection Program) and the American Institute
of Electrical Engineers (predecessor to the Institute of Electrical and
Electronics Engineers). Internationally, these involved the individual
classification societies, the Intergovernmental Maritime Consultative
Organization (predecessor to the International Maritime Organization) and
the International Electrotechnical Commission. In the last two decades, the
number of standards-making bodies affecting the marine electrical community
has increased significantly.

The current Subchapter J was revised and updated in 1982. It represents
the regulatory philosphy prevalent in the mid-to-late 1970’s and is for the
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most part, technically and environmentally up-to-date. However, with
changes in regulatory philosophy, and the shift of U.S., flag construct
abroad, some minor revisions to the regulations could be beneficial.
Efforts to make such revisions are presently underway. Also, efforts are
underway through ASTM and IEEE to develop complete marine electrical
standards that could be referenced in Subchapter J. This would greatly
simplify regulation development and maintenance, and ease the burden on
industry by allowing for more timely updating to ever-changing
technologies.

iar
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1.3 The Electrical Program. The Marine Inspection Program uses plan
review, and on-site inspection to ensure that electrical installations are
designed, built and maintained in a manner to promote the safety of the
vessel, its crew and passengers. The Electrical Engineering Regulations
provide uniform minimum requirements for electrical equipment and systems in
accordance with the intent of various statutes, the International Convention
for Safety of Life at Sea (SOLAS), and other treaties that contain
requirements regarding electrical installations. These requirements are
intended to ensure electrical installations aboard vessels provide services
necessary to protect passengers, crew members and other persons from
electrical hazards.

1.4 Electrical Safety. Electrical Safety on ships includes the prevention
of shock, fire and panic.

On a steel hulled vessel, a person is usually walking on or touching
ground at all times, and is usually within reach of power cables or
electrical equipment containing lethal voltages. The currents that can flow
from an energized conductor to ground can be very large, even in an
ungrounded system. Currents as low as twenty-five thousandths of an ampere
(25 milliamps) that pass through the heart can cause death. Currents of a
non-fatal magnitude, or currents having a path to ground through other parts
of the body can cause severe burns and injury. Minor shocks can also create
severe secondary injuries when muscles contract involuntarily.

Fire is the greatest dread of seamen, and electricity is one of the most
frequent causes of fire. A fire hazard can exist wherever electrical
potential is present, and on a ship, the electrical installation covers a
far greater area than any other type of installation.

How can electricity start a fire? Current flowing through a conductor
encounters resistance. This resistance generates heat. If the conductor is
properly sized, the heat is harmlessly dissipated. Where the conductor is
not adequate sized for the current, or where the heat generated by the
current is prevented from properly dissipating, whether it is the normal
current, an overload current, or a fault (high or low impedance) current,
the heat can become excessive, and can start a fire in nearby combustible
materials, such as cable insulation.

Electrically-caused fires most often involve wire and cable. Most
vessels have many miles of cable run throughout the entire vessel, spreading
their risks to all locations. Whenever the protective insulation of a wire
or cable is damaged by heat, moisture, oils, corrosive materials, vibration,



abrasion, or impact, or where faulty installation or operating conditions
result in loose connections, the threat of fire exists.

Motors are also a frequent source of electrically-caused fires. Motor
fires can be caused by overheating, such as would be caused by overloading,
single phasing, inadequate ventilation, malfunctions, such as internal
faults and arcing, and bearing failure caused by inadequate lubrication.

Proper shipboard electrical installations also help reduce or prevent
panic during an emergency. Put an individual, such as a vessel passenger,
in the dark, in a strange place, in threatening circumstances, and the stage
is set for panic. Electrical installations are designed to keep the lights
on, power vital equipment, and allow needed information to be passed to
passengers and crew.

2. General Provisions of the Electrical Engineering Regulations

The existing Subchapter J applies to vessels contracted for after May
31, 1982, where Subchapters D, H, I, IA, O, R, T, or U require electrical
installations to meet that subchapter. In general, it is not retroactive.
Installations in accordance with the edition of the electrical regulations
in effect at the time the vessel was contracted for remain acceptable
(unless specifically identified as requiring "upgrade" by other documents
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2.1 Referenced Editions of Specifications, Standards and Codes

The regulations reference many industry standards. For the most part,
these standards are dynamic and ever-changing. The "official" referenced
edition of an industry standard is listed in the "Finding Aids" section of
the CFR. Often, that edition may not be the latest edition of the
standard. This could create availability problems; where the requirements
of a standard have changed, and where manufacturers have modified their
equipment to meet the later version, equipment may not be available that
meets the referenced edition. However, standard changes often respond to an
identified problem or hazard, and usually result in safer equipment. In
most instances, equipment constructed and tested in accordance with a more
recent edition of a referenced document can be accepted as providing a level
of safety equivalent to that provided by equipment constructed and tested to
the edition identified in the CFR.

2.2 Meeting Referenced Standards

One of the purposes of the Marine Inspection Program is to provide
passengers and crew on U.S. flag vessels with an environment that has a
level of safety comparable to that ashore. In most domestic "land"
installations, electrical equipment is of U.S. manufacture and is listed by
an independent electrical equipment certification agency acceptable to the
governing jurisdiction. 1In the majority of installations in this country,
the equipment is listed by Underwriters Laboratories Inc. (UL). The
existing Coast Guard Electrical Engineering Regulations evolved from this



situation. With the movement of U.S. flag construction abroad, there has
been an influx of electrical equipment that is constructed to meet other
standards and that is listed by independent third party certifying agencies
similar to UL. Some equipment is built to manufacturer’s standards and is
not third party certified. Both of these types of equipment need to be
evaluated for equivalence to the standards referenced in the Electrical
Engineering Regulations before acceptance for installation.

The Electrical Engineering Regulations require many electrical items to
meet a specific UL Standard. For such items, listing by UL is not
required. While evidence of such listing may be the most expeditious method
to determine compliance, it _is not the onlv method. 46 CFR 110.25-1(p)
requires the submission of "plans and information sufficient to evaluate
equipment required by this subchapter to meet a referenced standard..."
Equipment may be accepted by having evidence of “listing, by manufacturer’'s
certification, or by determining the standard it does meet is equivalent to
the referenced standard.

Equipment required to meet an IEEE or NEMA standard or a military
specification (e.g. cable or switchgear) is usually certified by the
manufacturer to be in accordance with the standard. Equipment manufactured
in the U.S. is usually designed to these standards, and it is not uncommon
for foreign equipment to be designed to these standards. The manufacturer's
marking on the item usually indicates compliance with the standard. This is
adequate to demonstrate compliance with the regulations.

More commonly, however, foreign equipment is designed to foreign
national and/or International Electrotechnical Commission (IEC) standards,
and compliance with, or equivalence to, the referenced document must be
determined. The usual starting point for an equivalency determination has
been the "line-by-line comparison" demonstrating that the construction and
testing of the particular equipment meets, or is "equivalent" to, the
referenced document.

Evaluation efforts must involve the exercise of "good engineering
judgment" to reduce the burdens of line-by-line comparisons imposed on a
case-by-case basis. Although "good engineering judgment" is typically
"something someone didn’t have when something happened that shouldn’t have,"
there are several basic guidelines that recognize limited review resources
and that are appropriate in assessing electrical equipment equivalency:

(1) The level of evaluation should be commensurate with the level of
risk imposed by the item. For example, an outlet box is a relatively
simple passive item, providing protection and access to a few simple
components, while a circuit breaker is a complex active device that is
designed to operate at varying times under both small overloads and
large damaging faults, providing system-wide protection. The evaluation
of a circuit breaker should be far more involved than the review of an
outlet box. This does not mean that evaluation of an outlet box is not
important; however, the evaluator should not need to spend an inordinate
amount of time to obtain a reasonable level of confidence that the
equipment will perform in a safe manner. The evaluator should ask some
basic questions: "What will happen if this equipment fails? Will
someone be shocked? Will it start a fire? Will a failure be readily



apparent during normal operations or will it be hidden and gradually
worsen? Does the gsystem configuration provide additional safety
measures that mitigate the effect of the failure? How likely is this
failure?”

(2) The evaluator should have a reasonable level of confidence in the
equipment. Obtaining this level of confidence with equivalencies often
involves subjective judgements concerning the manufacturer as well as
specific, technical determinations regarding the hardware itself. A
well-known manufacturer that has been in business for an extended
period, is a recognized leader in his field, has contributed to the
development of industry standards, and has a solid reputation may not
need close scrutiny. On the other hand, a "newcomer" to the equipment
field or U.S. market place, or an organization that is outside its
primary business, such as a shipyard that now decides to manufacture its
own panelboards and lighting fixtures just for a particular vessel, may
need a higher initial level of review to obtain that same level of
confidence.

(3) The evaluator should look for the safety intent in referenced
standards. Industry standards have evolved over many years, and for the
most part, represent a national consensus by technical professionals of
what is required to ensure that electrical equipment is safe. It is not
easy to look at a standard, such as a UL standard and identify those
requirements that are not related to safety. Nearly all requirements
are safety related, either directly, such as by ensuring adequate
dielectric strength, or indirectly, such as by ensuring adequate
mechanical strength so the equipment can safely withstand the rigors of
installation and use. For equipment built to another standard, the
evaluator should see if that standard adequately addresses the concerns
addressed by the referenced standard.

Equipment evaluators should use the above guidelines in evaluating
electrical equipment and in comparing it to the requirements of a referenced
standard. To facilitate the review process, the following procedures may be
used:

(1) For equipment required to be constructed to an industry standard
(domestic or foreign) and either listed by a nationally recognized
(domestically or in the foreign nation) independent testing laboratory
or certified by the manufacturer to be in compliance with the standard:

(a) Manufacturer should submit evidence of listing (listing number
in bill of materials, copy of listing card or documentation
provided by the laboratory) or affidavit of compliance. The
documentation should identify the specific construction and testing
standard.

(b) Evaluators should establish that the foreign standard is
complete, applicable and comparable to the referenced standard.
(They may request a copy of the standard and/or that a standards
comparison be submitted). This comparison may establish whether
the overall level of safety provided by the foreign standard is
comparable to that provided by the referenced standard, including
applicable marine supplements.



(c) For specific items for which comparability has not been
established by comparing standards, such as would be the case if
the foreign standard was for *land type® equipment and did not have
requirements comparable to those in the marine supplement of a
referenced UL standard, the manufacturer should submit
documentation demonstrating compliance with the supplement
requirements.

(d) Once standard comparability has been established, for similar
applications, no further comparisons need be requested on
subsequent submittals using the same foreign standard. If the
edition of either the referenced standard, as identified in the
Finding Aids Section of the CFR, or of the foreign standard has
changed, the specific changes need to be re-evaluated). To this
end, the evaluators should maintain a listing of acceptable
"equivalent" foreign standards, citing the specific editions
compared. Additionally, the specific submitter should be
encouraged to reference the acceptance letter in future submittals.

(2) For equipment not constructed to nationally (foreign or domestic)
recognized standards:

(a) The equipment manufacturer should submit a complete
line-by-line comparison of actual construction and testing to that
required by the reference standard, including any applicable marine
supplement. Testing may be performed by the manufacturer. For
those areas that are not in complete compliance with the reference
standard, the manufacturer should submit technical arguments for
equivalency. These should be evaluated using the guidelines
previously discussed.

(b) Once equipment comparability has been established, no further
comparisons need be requested for that specific equipment from that
specific manufacturer when equipment use is proposed on another
vessel (again, this assumes the referenced edition has not
changed). Listings should be maintained and notifications should
be made in a manner similar to that used for standards
comparability. The manufacturer should provide a copy of the
acceptance letter with subsequent submittals.

(3) For issues that can be resolved based upon on-site visual
examination, the evaluator may defer the acceptability of that equipment
to the inspection activity (Officer-in-Charge, Marine Inspection or ABS
if acting on behalf of the Coast Guard). In such cases, the specific
issue deferred should be fully identified and documented. The
inspection activity should also document the acceptance or rejection,
and should provide the plan review activity with inspection comments on
the deferred issues.

The above procedure is for equipment required to meet a referenced
standard. It should NOT be used for equipment required to be listed or

labeled by an independent third party certification agency

equipment for use in hazardous locations).



Note that the Marine Safety Manual Vol., II, 12.E.4 permits the OCMI to
accept on vessels of the Military Sealift Command, equipment or materials
complying with any of the following: (1) technical bureaus of the U.S.
Navy; (2) MILSPEC's; (3) federal specifications for military purchases, and;
(4) National Military Establishment (NME) specifications.

2.3 Equipment Required to be Listed or Labeled

The regulations require fuses, explosionproof equipment, and
intrinsically safe systems to be listed by an acceptable independent testing
laboratory. The U. S. Department of Labor’'s Occupational Safety and Health
Administration (OSHA) has now established procedures for the acceptance of
equipment required to be labeled or approved for safety by 23 provisions in
OSHA safety standards. Under the procedures, effective 13 June 1988, OSHA
is deleting all current references in its standards to Underwriters
Laboratories Inc. and Factory Mutual Research Corp. (FM), relying instead on
the generic term "nationally recognized testing laboratory" (NRTL). The new
rule establishes criteria for a "nationally recognized testing laboratory,"
sets a procedure to recognize these laboratories, and permits these
laboratories to label or approve equipment for safety as required by OSHA
standards. OSHA will recognize NRTL's for five-year periods, with initial
five-year recognition granted to UL and FM. Other testing laboratories must
apply to OSHA for recognition and will be evaluated by OSHA staff. This
does not affect references to UL standards for construction and testing
requirements (as used in Coast Guard regulations when equipment is required
to meet a UL standard).

The criteria for acceptance by the Commandant as an "other independent
laboratory" under 46 CFR 111.53 and 111.105-7 is acceptance by OSHA as an
NRTL. Accordingly, listing or labeling by an NRTL is an acceptable
alternative to listing or labeling by one of the individual laboratories
specifically mentioned in the regulations, or by a laboratory that has been
subsequently recognized. At this time, the Coast Guard recognizes UL for
listing fuses; UL, FM, CSA, and MET Electrical Testing Company for listing
intrinsically safe systems; and UL, FM, and CSA for listing explosionproof
equipment.

3. Electrical Svystems

The Electrical Engineering Regulations are a combination of equipment
and system requirements designed to ensure that electrical installations are
both safe and functional. They consist of general requirements related to
across-the-board "good marine practice," and specific requirements related
to the various apparatus, their proper design, installation and use.

In years past, emphasis was placed on equipment design requirements, as
the system was considered the sum of the components (equipment). Today,
equipment quality has generally improved and manufacturers have become more
aware of product safety and liability. Comprehensive industry standards now
exist and are used for most apparatus. This is allowing the review emphasis
to shift towards a systems approach. As indicated previously, evaluations

of equipment should consider overall safety comparability. With today’s



limited resources for plan review and inspection, concentration should be on
proper application of equipment, effect of failures on required system
functions, and on vital safety features. Emphasis should be on evaluating
the "system" -

Is the apparatus enclosure appropriate for the location?

Is the fixture adequately grounded to reduce the shock hazard?

Is the fixture enclosure fire retardant and not surrounded by
combustibles?

Will a fault in the fixture be safely cleared by the first upstream
overcurrent device so that other parts of the electrical system are
not needlessly affected?

If it is a vital safety system, is the failure indicated and an
alternative or back-up provided?

Do the components go together?

This is the "systems" approach. This does not imply that individual

equipment design details are not important, but stresses that where there
are limiting constraints, the system should be given a higher priority.

A recent casualty can be used to illustrate the necessity of "systems"
thinking. While working on a motor controller, a crew member's screwdriver
caused a short circuit. The upstream circuit breaker on the main board
became damaged and did not open. Eventually, the generator circuit breaker
tripped, but only after the switchboard had been destroyed, with the bus
bars torn from their bases and internal components and wiring destroyed by
fire. Two separate items, a faulty circuit breaker and the cleaning fluid
used in the switchboard months before, were initially blamed. However, upon
further analysis, improper system design features became suspect. The
upstream circuit breaker probably did not clear the fault because it did not
have adequate interrupting capacity for the available fault current. The
switchboard was damaged because it was not braced for the available fault
currents. The common denominator was the fault current analysis. The
existing components were not appropriate for the system in which they were
installed. The electrical plant was, either in the original design or
during subsequent modifications, most likely considered an assembly of
components. These components may have been acceptable if used within their
design limitations, but were not adequate when used in a system with high
available fault currents.

The systems approach usually begins with an analysis of the "one-line
diagram" and it's supporting information. Appendix 1 consists of a
"typical" shipboard electrical one-line diagram and index to the applicable
requirements in 46 CFR Subchapter J, the National Electrical Code, IEEE-45,
etc,

3.1 General Requirements

For electrical equipment on ships, it is not the intent of the
regulations to require a separate class of "marine electrical equipment."

:
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The intent is to permit normal, off-the-shelf commercial and industrial

equipment to the maximum extent practicable, with additional "marine"
requirements only when needed. The acceptance of this type of equipment is
made possible by careful consideration of equipment application, location



and placement. Subchapter J contains general qui
- equipment to ensure that passengers, crew, and other persons, and the vessel
are protected from electrical hazards. It also ensures that equipment

necessary under both normal and emergency conditions is located in a manner
that allows for routine maintenance and testing, thus helping to ensure that

the equipment will function properly when needed.

Location and Placement. Optimal equipment location should be sought. In
general, electrical equipment should be located in as dry a location as
practicable, and electronic equipment located in a controlled environment.
In evaluating location, both normal and abnormal conditions should be
considered. Abnormal conditions include items such as piping leaks
(overhead for lower pressures and "in the vicinity" for higher pressures).
For more critical equipment, such as the main switchboard, the regulations
provide specific construction and location details. Generally, equipment
should be located where it would not be subjected to oil vapors, steam, or
dripping liquids. However, where relocation is not practicable, or where
additional safeguards are warranted, the equipment should be designed to
withstand these influences. Equipment should also be located to minimize
the risks to personnel when routine service is being performed.

Degree of Enclosure. Where exposed to the weather, or in a space exposed to
seas, washdowns, or similar moisture, equipment must be in a watertight
enclosure (NEMA 4 or 4X). A watertight enclosure is one that does not leak
when subjected to a specified hose or immersion test. Motors must be
waterproof. Waterproof motors may experience some leakage when subjected to
the hose test, however, the leakage must not hinder operation, or enter any
oil reservoir, and provision must be made for automatic draining before the
level becomes damaging. Where dripping liquids could fall on equipment,
that equipment enclosure should be dripproof (i.e., NEMA 2, or NEMA 12, or
NEMA 1 with a dripshield). Dripproof equipment is ordinarily designed to
prevent falling drops of liquid or solid particles from interfering with the
operation of the equipment when striking the enclosure downward at any angle
from 0 to 15 degrees from the vertical. Some equipment is designed for
angles up to 45 degrees. It should be verified during vessel inspection
that electrical equipment is suitably located - away from damaging liquid
(unless impracticable, in which case it must be suitably designed), and
accessible for inspection, adjustment and testing.

Corrosion. The corrosiveness of the marine environment is well known, and
protection can usually be accommodated at the design stage. Much of the
equipment that finds its way to sea was originally intended for a commercial
or industrial installation on land, and could quickly fail in a salt-water
environment if additional precautions are not taken. For this reason,
equipment located in the weather, or in other locations subjected to salt
water, must be evaluated to ensure corrosion resistance. Not only must the
enclosure be corrosion-resistant, but current-carrying components and
internal parts whose failure would create an unsafe condition must also be
corrosion-resistant.

Porcelain. Porcelain should not be used for lamp sockets, switches, etec.
unless resiliently mounted. The concern is that rigidly mounted porcelain
may fail under shipboard vibration and create a shock, fire or other hazard
to the vessel and its personnel. Some off-the-shelf equipment, designed for




typical land installations, only comes with rigidly mounted porcelain
insulated components. In these instances, it may be necessary to add
‘resilient mounts to the porcelain insulating material. Only in instances
where porcelain failure would not create a hazard, or where there is data
available to support a shipboard application, such as vibration and shock
(impact) testing, should such rigid installations be evaluated for general
safety equivalency.

Temperature. The present regulations assume an ambient temperature of 40
degrees Celsius, except for enginerooms, boiler rooms, and auxiliary spaces,
which are assumed to be 50 degrees (unless shown or designed to be less, in
which case 40 degrees is assumed). There are, however, differences in
national and international standards on assumed values of ambient
temperatures. IEEE-45, 1983 allows for both 45 and 50 degree ambient
temperatures for enginerooms, and allows switchboard apparatus (other than
molded case circuit breakers) rated for 40 degrees to be used in 50 degree
environments under some conditions (see Section 17.6 of IEEE-45.) The
American Bureau of Shipping’s Rules assume a 45 degree ambient for
enginerooms, but indicate that rotating machinery is to be rated for a 50
degree ambient. ABS is in agreement with the requirements in the IEC
standards. In looking at the differences in these standards, it must be
remembered that assumed ambient temperatures reflect an opinion on the
overall average or the typical or expected temperatures, not the range of
temperatures that equipment may be expected to experience under all
conditions of operation. It must also be remembered that although consensus
opinions concerning a standard may change, the length of time it takes to
implement those changes varies widely.

In the case of overcurrent devices that are heat dependent, such as a
fuse or the thermal trip on a circuit breaker, temperature is important, as
it relates to the time it takes to remove an undesirable condition
(overload.) A device that is in an temperature lower than it is rated for
will be a little slower to trip on overload. If the temperature is higher,
it will trip sooner. In specific instances, either of these could be the
undesired event. In the fault current range, the time effect is
negligible. It should also be noted that many of these mass produced
devices do not perform uniformly.

The National Electrical Code (Code) indicates that for Code applications
with Code wiring, the ampacity of the conductors comnnected to molded-case
circuit breakers should be limited to that of 60 or 75 degrees Celsius
wiring, even though the attached conductors may have a higher rating.
Shipboard requirements in IEEE-45 and in the Electrical Engineering
Regulations do not impose this limit; such a limitation does not apply on
ships and MODUs. Ship systems do not use Code wiring, and are not typical
of common applications addressed by the Code. IEEE-45 cable constructions
have ampacities based upon rated conductor temperatures up to 100 degrees
Celsius. Shipboard cables may be connected to circuit breakers without
consideration of the NEC limitation.

Standard Voltages and Frequency. The standards indicated in the regulations
are typical. Other voltages have been successfully used on vessels and
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MODUs. For drilling installations, 600 and 750 v.d.c. are typical. For
large floating industrial plants, 13.8 K.v. has been generated and
stepped-up to 34.5 K.v. for undersea transmission. The regulations require
that non-standard distribution systems, voltages, or frequencies be accepted
by the Commandant. This does not imply some are unacceptable. The concern
is that equipment items are compatible with each other, and with their
environment, and that any unique hazards are adequately addressed. When
high voltage equipment is used, and marine standards and equipment are not
available for equipment at that voltage, technical evaluation is needed to
ensure the safe application of shoreside industrial standards to a marine
installation. Also, higher voltage equipment may need special maintenance
considerations.

3.2 Equipment Ground., Grounded Svystems, and Ground Detection

The term "grounding" is often misunderstood due to use in several
different concepts. A basic understanding of the various uses is
important. There are three basic applications of "grounding" associated
with safety of personnel or protection of electrical equipment. These are:
(1) the grounding of metal frames or housings of electrical equipment
(chassis ground); (2) the grounding of the neutral current-carrying
conductor of an electrical distribution system; and (3) the grounding of an
electrical source of power in such a manner that the earth (or its
substitute such as the hull) is used as a current-carrying conductor.

The first application is one of the most important uses of grounding to
protect personnel from electric shock. Fixed equipment is usually grounded
by its method of attachment to the vessel. Isolation mounted equipment is
usually grounded by a flexible grounding strap between the enclosure and the
hull. Portable equipment is usually grounded by a grounding conductor in
the supply cable. This should connect the equipment housing to the vessel's
hull. Under normal conditions, the housing is not energized. However,
internal insulation breakdown or other failure can bring energized
components in contact with the housing. If the housing were not grounded,
the voltage on the housing could equal the voltage of the power source, and
a person touching the housing would be exposed to this voltage. Grounding
the equipment reduces the shock hazard. Conductors used to ground equipment
are called grounding conductors. On an extension or portable tool cord,
this is the green insulated conductor. Portable equipment such as power
tools, that are identified as "double insulated" need not have a grounding
conductor in the attachment cord. These items have a basic (functional)
insulation system and a supplemental (protective) insulation system, with
the two insulation systems physically separated so that they are not
simultaneously subjected to the same deteriorating influences.

The second application is the intentional grounding of a single pole or
terminal of the power supply of an electrical distribution system. This is
accomplished by connecting a low resistance conductor from the pole to the
ground (the hull). The purpose of grounding one of the conductors is to
limit the voltage that the system can be subjected to under certain fault
conditions. Grounding can also be accomplished through a resistor
(resistance grounding) or through an inductor (inductive grounding). In
these methods, the resistor or inductor is used to limit the line-to-ground
fault current; these require special considerations and analysis. It is
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important that a grounded system have only a

the hull, regardless of the number of power

single point of connection to
power sources, and that it be

accessible for inspection. Multiple grounding points could create
potentially dangerous and damaging circulating currents through the hull.

The neutral of each generation and distribution system must be grounded
at the generator switchboard, except for the neutral of an emergency power
generation system. This must have no direct connection to ground at the
emergency switchboard. The emergency switchboard neutral bus must be
permanently connected to the neutral bus on the main switchboard, and there
must not be any fuse, switch, or circuit breaker that opens the neutral
conductor of the bus-tie feeder.

Grounded distribution systems of less than 3000 volts line-to-line are
prohibited on tank vessels by SOLAS. The concern is that fault currents
going through the hull may cross discontinuities, such as riveted joints,
ladders, etc., and there may be an arc and subsequent ignition of flammable
vapors. Systems greater than 3000 volts may be grounded provided any
resultant fault current would not flow through the cargo tank area. This is
usually not a problem as electrical loads operating at these voltages (other
than possibly a bow thruster) are typically not located separate from the
machinery space.

On some merchant vessels, the electrical distribution systems are
ungrounded. There is no intentional connection to ground. This is
primarily for circuit reliability. The electrical system can sustain damage
that "grounds" one of the conductors and still function (i.e. provide
continuity of serxrvice).

There is often the assumption that a person can contact an energized
conductor in an ungrounded system, and not receive an electric shock since
there is no return path for the current to flow back to the distribution
system. Such an assumption can lead to fatal consequences. In practical
applications, there is always a return path, and a system is always
"grounded" to a certain extent. Paths exist through deteriorated or damaged
insulation, and moisture, salt and other contaminants that are ever
present. The issue is one of "degree." In ungrounded alternating current
systems there is always a capacitance between conductors and between
conductors and ground. This impedance can effectively "ground" an
intentionally ungrounded system.

The third application is the grounding of a power supply and an
electrical load such that the hull is used as a normal current-carrying
conductor. This is commonly referred to as "hull return" and is prohibited
on vessels except for impressed current cathodic protection systems and
limited and locally grounded systems such as engine cranking batteries.
Insulation level monitoring systems and welding systems (on other than tank
vessels) may also use the hull as a current-carrying conductor. One of the
problems with hull return pertains to galvanic corrosion. Where the hull
current passes through a welded joint or a joint of dissimilar metals,
corrosion is likely to occur.

Ground Detection. Grounds can be a source of fire and electric shock. In
an ungrounded system, a single ground has no appreciable effect on current
flow. However, if low resistance grounds occur on conductors of different
potentials, very large currents can result. In a grounded system, a single
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low impedance ground can result in large fault currents. To provide for the
detection of grounds, the regulations require that ground detection means be
provided for each electric propulsion system, each ship’s service power
system, each lighting system, and each power or lighting system that is
isolated from the ship's service power and lighting system by transformers,
motor generator sets, or other devices. This indication need not be part of
the main switchboard but should be co-located with the switchboard (i.e. at
the engineering control console adjacent to the main switchboard). The
indication may be accomplished by a single bank of lights with a switch
which selects the power system to be tested, or by a set of ground detector
lights for each system monitored.

In an ungrounded three-phase system, ground detection lamps are used.
The ground lamps are connected in a "wye" configuration with the common
point grounded. A normally-closed switch is provided in the ground
connection. This is illustrated in Figure 1.
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FIGURE 1
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If no ground is present on the system, each lamp will see one-half of
the phase-to-phase voltage and will be illuminated at equal intensity. If
line "A" is grounded at point "G" by a low impedance ground, the lamp
connected to line "A"™ will be shunted out and the lamp will be dark. The
other two lamps will be energized at phase-to-phase voltage and will be
brighter than usual. If a low resistance ground occurs on any line, the
lamp connected to that line will be dimmed slightly and the other two lamps
will brighten slightly. The switch is provided to aid in detecting high
impedance grounds that produce only a slight voltage shift. When the ground
connection is opened by the switch, the voltage across each lamp returns to
normal (phase voltage) and each lamp will have the same intensity. This
provides a means to observe contrast between normal voltage and voltages
that have shifted slightly. Lamp wattages of between 5 and 25 watts when
operating at one-half phase-to-phase voltage (without a ground present) have
been found to perform adequately, giving a viewer adequate illumination
contrast for high impedance grounds. Should a solid ground occur, the lamps
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will still be within their rating and will not be damaged. For lesser

. - .
grounds, the lumen output of the lamps will vary approximately proportional

to the cube of the voltage. This exponential change in lamp brightness
(increasing in two and decreasing in one) provides the necessary contrast.

On grounded dual voltage systems, an ammeter is used for ground
detection. This ammeter is connected in series with the connection between
the neutral and the vessel ground. To provide for the detection of high
impedance grounds with correspondingly low ground currents, the regulations
specify an ammeter scale of 0 to 10 amperes. However, the meter must be
able to withstand, without damage, much higher ground currents, typically
around 500 amperes. This feature is usually provided by the use of a
special transducer such as a saturable reactor in the meter circuit. Some
ammeters use a non-linear scale to provide for ease in detecting movement at
low current values. An example of this is shown in Figure 2 below.
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FIGURE 2

Other types of solid-state devices are becoming available that can
provide ground detection. They should not be prohibited, but should be
evaluated to determine that they are functionally equivalent to the lights
and ammeters historically used. Some systems also include a visual and/or
audible alarm at a preset level of ground current.

3.3 Power Supply

Capacity. Determining the number and size of generating sets needed for a
vessel requires a careful analysis of the normal and maximum demands during
various phases of operation, including at sea, maneuvering, and in port.
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Also, any special or unique operational considerations should be addressed.
It is the intent of the regulations to ensure all normal “"ship’s service"
loads can be kept energized with the largest generator out of operation, and
without use of the emergency generator. It is not the intent of the
regulations to ensure that the vessel can continue to perform an industrial
function, such as drilling or dredging, with a generator in reserve. Ship's
service loads are defined in detail in 46 CFR 111.10-1.

Of special note is that refrigerated container loads are considered
"ship’s service" loads. This is so cargo preservation attempts will not
require sacrificing the more traditional ship's service loads should an
operating generator fail. Other arrangements, such as a separate generating
system, or a reefer load-shedding/load management system can provide an
equivalent level of safety.

Procedures for conducting a thorough load analysis: typical ship's
service operating load factors, and a sample load analysis are contained in
Appendix 2. -

Main engine dependent generators. The most commonly used prime movers for
ship’s service generators are dedicated diesel engines and steam turbines
supplied by the propulsion boiler(s). However, due to escalating fuel
costs, owners and designers are always looking for less expensive means to
provide the necessary electric power. Shaft-driven generators, power
take-off (PTO) generators, and waste heat driven turbogenerators offer
flexibility and greater efficiency. In many cases, however, they are
constrained to certain main engine speed and power operating ranges.

SOLAS states that the arrangements of the ship’s main source of power
shall be such that the ships service loads can be maintained regardless of
the speed and direction of the main propelling engines or shafting. This is
reflected in 46 CFR 111.10-4(b) and (c¢), which require that ship’s service
electrical power be provided continuously, regardless of propulsion shaft
speed or direction. In the worst case, this means that an "engine stop" or
"full astern" command on the bridge propulsion control lever while operating
at the minimum engine speed for full generator output must not result in
interruption of ship's service power.

Generators may be mechanically driven by the main diesel engine directly
by the line shaft, by means of a PTO from the engine, or through
intermediate gearing. Because changes in main engine speed would normally
result in changes in the generator speed (and, therefore, frequency), a
variety of methods has been developed to maintain constant frequency. These
include the operation of the main diesel engine at a constant speed with the
pitch of a controllable pitch propeller independently controlled, the use of
a constant speed gear drive to give a constant output shaft speed over a
range of input shaft speeds, and the application of a static
rectifier-inverter combination to transform variable frequency AC to
constant frequency AC.

Waste heat energy from the main diesel engine can be recovered in an
exhaust gas boiler to generate low pressure steam to drive a

turbogenerator. This generator can be operated only when sufficient exhaust
heat is available, so start-up and shutdown are usually manually initiated.
To optimize the recovery of exhaust heat, a generator loading control system
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may be used with load-sharing and speed (governor) controls to maximize
turbogenerator loading when operating in parallel with other generators.

\w:mp""

Any main engine or waste heat driven generator which is not capable of
providing power under all operating conditions, including maneuvering and in
port, cannot be counted towards the required ship’s service generating
capacity. Such a generator may, however, be provided as a supplemental
generator. In any case, one of the required generators must be independent
of the main propelling engines and shafting.

Where a supplemental generator is used to supply power for ship’s
service loads, it must provide a continuous and uninterrupted source of
power under normal operational conditions, including any speed change or
throttle movement. Automatic start-up of and load transfer to a standby
diesel generator must be provided to prevent power interruptions when
conditions are such that the supplemental generator is unable to supply the
ship’s service load. A finite time is required to start, synchronize, and
parallel a standby diesel generator, and the main engine-driven generator
must remain on line until the standby generator has assumed the load. A
signal from the propulsion control and a shaft speed signal may be used to
automatically initiate connection of the standby generator. Once a throttle
change has been made, the time required for the main engine to slow to the
point where the generator cannot supply the ship'’s service load depends on
the original speed as well as the coast-down characteristics of the hull and
propulsion plant. In many cases, the coast-down time for a two-stroke slow
speed main diesel engine is long enough to allow the standby generator to
assume the load without power interruption. If it is not, the disconnection
of the shaft or PTO generator must be delayed. To prevent power
interruptions from occurring, the speed of the main engine may be
automatically held at or above the lower operating threshold for generator
operation for approximately 10 seconds. This delay, automatically activated
only when needed, is considered to be comparable to the the time necessary
for crew response to maneuvering bells in a manned engineroom. Since the
typical main engine dependent generator installation employs automated start
and synchronization controls for the standby generator(s), careful design
and detailed review to the requirements of 46 CFR Part 62 is generally
required to ensure compliance with 46 CFR 111.10-4,

Ship's Service Supply Transformers. The regulations state that where
transformers are used to supply the ship’s service distribution system,
there must be at least two separate ship’s service supply systems. The
intent is to duplicate supplies to the ship’'s service switchboard, as is
done with generating sets. This would normally exist on a vessel generating
at a higher voltage, such as 600 or 4160 volts. It is not the intent, nor
is it required, that transformers fed by the ship's service switchboard,
such as 460/120 volt transformers be duplicated.

Each transformer must have the capacity to supply the ship’s service
loads. The duplicated supply should consist of transformers, overcurrent
devices, and cables. Automatic changeover upon a transformer failure is not
required. It could be inferred from the transformer/generator analogy of
SOLAS II-1/45, that automatic transformer transfer is required by the SOLAS
II-1/53 requirements for automatic starting and connection of a stand-by
generator. That analogy has, however, not been applied to transformers

since the precise wording of Reg. 53 addresses generators, and not
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"essential parts of the electric supply system." Additionally, the
reliability and availability of a “static" transformer, and its cable and
overcurrent device is much better than a rotating generator, its prime-mover
and control system. Transformer faults are rare, and the requirement for
duplication is considered from a "take-home" standpoint. (This is similar
to the requirement for a split bus arrangement on a ship with a large
electrical system. There is no requirement to automatically disconnect
switchboard sections and attempt to maintain power upon a switchboard
fault. The requirement for splitting the bus is to provide the capability
for onboard engineers to be able to isolate a fault and restore limited
service.)

Generator Construction and Protection. Generator excitation, construction,
and voltage regulation, should meet sections 35.23, 35.25, and 35.31,
respectively, of the ABS Rules. Generator protection, provided by power
circuit breakers, should meet the specific requirements in the Electrical
Engineering Regulations. There are many types of circuit breaker trips:
inverse time, instantaneous, reverse-power/current, under and overvoltage,
ground fault, under and over frequency, and trips operated by auxiliary
contacts. 46 CFR 111.12-11 specifies the required trips for generator
circuit breakers. The inverse time trips are devices that open the circuit
breaker in a time that relates to the amount of overcurrent. The greater
the overcurrent, the quicker they open the circuit. They are adjustable and
should be set so that downstream or feeder breakers have had the opportunity
to open and clear faults on the feeder circuits. Instantaneous trips are
quick-acting devices that have no intentional time delay in opening the
circuit breaker under high level currents. Instantaneous trips are not
permitted for generators unless three or more generators can be paralleled.
This is to provide continuity of service under a fault condition,
Reverse-power or reverse current trips are required where generators can be
paralleled. These are quick-acting devices that will open the circuit of a
generator that has current from other generators feeding into it.
Additional information on circuit breakers is provided later.

Generator overcurrent protective devices must be on the ship’s service
switchboard and the switchboard and a generator must be in the same space.
An adjacent dedicated switchgear and SCR room on a MODU, and a control room
inside the machinery casing are not considered separate spaces even though
they may be separated by a watertight bulkhead. In unusual installations
where the switchboard and a generator are separated by a bulkhead or
enclosure that is not required for either subdivision or fire protection
purposes, the spaces may also be treated as a single space for the purpose
of this requirement. Additional precautions may be needed, such as current
sensing at the generators that, upon sensing excessive overcurrent, removes
excitation and shuts down the prime mover.

The Marine Engineering Regulations contain the requirements for prime
movers in 46 CFR 58.10. Additional requirements for prime movers for
emergency generators are found in 46 CFR 112.50, and are discussed later in
this NVIC. Each diesel engine prime mover must have an overspeed device
that is independent of the normal operating governor and is adjusted so that
the speed cannot exceed the maximum rated speed by more than 15%.
Additionally, the prime mover should automatically shut down upon loss of
lubricating oil pressure to the generator bearings. These shutdowns should
be tested at each inspection for certification.
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3.4 Batteries and Battery Installations

Electrical storage batteries have many shipboard applications, including
engine starting, temporary or final emergency power source, and backup power
supply. In general, the requirements of 46 CFR Subpart 111.15 are
applicable to all such battery installations. Note that storage batteries
used for required emergency power and lighting systems must also comply with
Subpart 112.55.

Battery types & equivalence. Batteries may be classified according to the
chemical composition of their plates and/or the type of electrolyte solution
-- thus the terms lead-acid, alkaline, nickel-cadmium (Ni Cad), etc. A
nickel-cadmium battery is a particular type of alkaline (electrolyte)
battery. Storage batteries other than the lead-acid or alkaline type may be
accepted provided they do not spill electrolyte when the battery is inclined
at 30 degrees from the vertical, are suitably constructed to comply with 46
CFR 111.15-2(a), and generate hydrogen at a rate not to exceed that of an
equivalent lead-acid battery installation under worst case conditions.

Hazardous locations. The Electrical Engineering Regulations categorize
battery installations into one of three types, based upon the power output
of the battery charger and the corresponding amount of highly flammable
hydrogen gas which may be generated. Each room, locker, and box containing
storage batteries must be arranged or ventilated to prevent the accumulation
of this gas. Large battery installations may be located only in a dedicated
battery room or in a box on de